Summary 1. Tonic activation of muscular activity was observed during forced vibration of the gastrocnemius and soleus muscles in the decerebrate cat. Such tonic activity was not observed in the tibialis anterior muscle. 2. Intervals of both unitary EMG and motoneuronal spikes were shown to occur according to the principle of integer multiplication of vibratory cyclic time. 3. Gradual recruitment of tonic vibration reflex (vibratory facilitation) was found to survive after the cessation of vibratory stimulation (postvibratory facilitation). 4. Nonsequential interspikes revealed that gradual tonic recriutment is effected by the spikes with a shorter firing interval. 5. Muscle activities during TVR may be effected by PTP with some excitatory frequency associated with that of the applied vibration. 6. Postvibratory facilitation did not correlate with the vibratory frequency. The firing of such phases may be determined by the intrinsic repetition rate of the individual motoneuron.
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It has been known that reflexive contraction is initiated during forced vibration of muscles or tendon in human subjects, monkeys and cats. The contraction that occurs is in general always sustained during the whole period of vibratory stimulation. This time course of contraction activity was the reason that this phenomenon was designated Tonic Vibration Reflex, TVR (HAGBARTH and EKLUND, 1966a, b) .
Various types of receptors of different mechanical sense modalities are continually excited during vibratory stimulation. As far as deep sensations are concerned, the responsible receptors are Pacinian corpuscles, muscle spindle sensory endings, tendon organs and nerve-free endings. These receptors initiate afferent impulses which are conveyed along sensory neurons to the spinal cord and supra-spinal reflex centers where appropriate integrative connections to efferent neurons are made. Repetitive NMU firing in the TVR can not be fully explained unless all participating neurons of this circuitry are thoroughly substantiated and understood. However, since the TVR is observed both in extensor and flexor muscles, the relevant machinery working during TVR must be excitatory for both muscles, and it must have a very low threshold for stretch velocity. At present, the primary endings of muscle spindle receptors are generally considered to have these qualifications, and therefore it seems that TVR is mediated via the spinal stretch reflex arc (GRANIT, 1964) .
As far as human TVR is concerned, it is an unfailing observation that the reflex response is always augmented very gradually during vibratory stimulation. A high level of muscle tone is also sustained for a short period even after the cessation of vibratory stimulation. This after effect is called postvibratory facilitation. This phenomenon is observed after cessation of either continued or interrupted vibratory stimulation and has been known to occur even more pronouncedly in the unanesthetized decerebrate cat. It is possible that such after effect might play some role in the TVR both in man and the monkey.
The present report deals with further study of the behavior of group Ia afferent impulses and their mode of coding to the spinal cord and the decoding of motoneurons during varied frequencies of vibratory stimulation. Before vibration, EMGs could not be seen in either the gastrocnemius or tibialis anterior muscles. The vibratory stimulation frequency (80Hz in this case) was repeated. Each 1sec stimulation burst was repeated every 5 sec. At the fifteenth trial of the series of 1sec vibratory stimulations, long lasting spike discharges in the gastrocnemius muscles and two spikes in the tibialis anterior muscles were observed. Postvibratory discharges were also observed following interrupted stimulation in the gastrocnemius muscle. Such tonic activation and postvibratory discharges were also seen in the soleus muscle. Figure 2 shows the firing pattern of the EMG during repeated vibratory stimuli of varied frequencies in the gastrocnemius muscle. Slight recruitment of TVR was observed as the vibratory trials were repeated. Fair regularity of the EMG unit discharges could be observed during vibration, and this was relatively remarkable especially in the higher range of vibratory frequencies as in the bottom record of Fig. 2 (120Hz vibration) . The nonsequential interval histogram of the EMG spike seems essential for the evaluation of such activity; it is shown in Fig. 3 .
METHOD
The histogram reveals an interesting fact: the NMU fires most frequently at a certain interval with statistical certainty. The present histogram clearly shows excitation of muscles, according to spinal motoneuron activity, occurring at the interval between 21-27msec (peak interval is 23msec), 46-50msec (48msec) and 70-75msec (73msec) during forced vibration of 40Hz. At 80Hz vibration, as shown in the middle histogram, the interval shifted to the ranges between 10-12 msec, 22-24msec, 34-36msec and 47-48msec.
If differences between these 
Postvibratory facilitation
Gradual recruitment of TVR was unvariable observation throughout this experiment. Such recruitment was even more pronounced as some EMG afterdischarge continued after cessation of stimulation along the course of repeated vibration. The time course of such postvibratory facilitation is shown in the traces of Fig. 4 , the vibratory frequency was 40, 80 and 120Hz, respectively, as in the preceding figure.
In all previbratory traces there is no resting EMG activity (column A). Twenty-five repeated stimuli of 1sec duration, however, gradually recruited tonic excitation of the muscles as the repetition advanced, even when there was no mechanical vibratory input to fire spinal motoneurons. The traces of column B show this activity recorded during the fifteenth vibratory stimulation of 1sec duration. The differences in these intervals were about 25msec, almost equal to forced vibration frequency of 40Hz.
The same differences were observed around 12msec at 80Hz vibration. The difference of intervals between the former two peak ranges was about 12msec, therefore these intervals correspond to the result of 80Hz experiment, as shown in Fig. 3 Inter-spike interval histogram The result is shown in Fig. 6 . Two distinct distribution are seen in all three histograms, one at a relatively short interval, the other again at a relatively long interval ranging between 30 and 60msec. This is approximately the same range as the ones which were found in the histogram in Fig. 5 . This again points to the previous suggestion that the firing rate or interval of"spontaneous" postvibratory activity is not dependent upon the vibratory frequency at all but upon some rhythm generating mechanism within the whole motoneuron and participating neuronal circuits.
Muscle vibration and motoneuronal discharge
The result is shown in Fig. 8 . It was again noted that distribution of intervals occurs around 50, 60, 70, 80, 90, and 100msec, which corresponds to integer multiplication of vibratory cyclic time, viz., integer multiplication of 10msec, which is the cyclic time of 100Hz vibration used in this case.
Motoneuronal unitary firings of gastrocnemius were recorded at various vibration frequencies in the same way as described above. A typical series of experiments are shown both in Figs. 9 and 10.
From these two figures we know the following. The vibration of 40Hz initiated motoneuronal firings of 40, 20, 13, 10 and 8Hz, each of which was approximately equal to the integer multiplication of the vibratory cyclic time of 40Hz ( Fig. 10 the uppermost trace) . The situation was the same when vibrations of 80Hz and 120Hz were applied to the muscle. In the latter two cases"the principle of integer multiplication of vibratory cyclic time" could again be applied as seen in the middle and lowest traces.
It was our experience that motoneuronal firing intervals which did not conform to these principles could not be observed.
DISCUSSION
Muscular activities elicited by sustained vibration were defined as"tonic vibration reflexes," TVR (HAGBARTH and EKLUND, 1966a, b) . This autogenetic reflex was obtained by vibratory stimulation of a muscle so as to excite the spindle primary (LANCE et al., 1966; MATTHEWS, 1966; HOMMA et al., 1967) . Such activity was originally observed in the gastrocnemius and soleus muscles. The tibialis anterior muscle does not show such tonic activity. It is known that the tibialis anterior muscle innervated by phasic motoneurons does not in general show tonic excitation even when the relevant Group Ia afferents are ascending. Although these afferents are very effective in causing tonic activity of muscles such as the soleus or other tonic muscles ECCLES et al., 1958; KERNELL, 1966; BURKE, 1967 BURKE, , 1968 , it can be assumed that phasic motoneurons are not responsible for the TVR phenomenon in contrast to tonic excitation even if the TVR wholly depends upon sustained Ia afferent excitation.
Electromyographical activities recorded during repeated vibratory stimulations showed gradual recruitment (Fig. 4) , which can be regarded as TVR. This observation suggests both interrupted and sustained vibratory stimuli have the same effect in eliciting TVR.
These stimuli were also shown to cause postvibratory facilitation,"an after effect"of 30-40sec duration, after stimuli were taken away as seen in Fig. 4 Both vibratory facilitation and postvibratory facilitation could be seen more clearly in the EMG observation than in the neurogram observation. This may be due to the participating reflex loop, which was substantially intact in the EMG experiments. Muscle tone was indirectly maintained by spontaneous fusimotor activity (KUFFLER et al., 1951; VOORHOEVE, 1960; GRANIT, 1970) . In the latter experiment, separation of a few ventral root filaments was necessary for the monitoring of the participating efferent unit. This surgical procedure, which cut off the gamma fusimotor efferent, may well be the reason for the above mentioned difference of facilitation.
The gradual increase of TVR during sustained vibration was one of the peculiarities of the TVR shown by vibratory facilitation. This may be explained by the fact that the firing interval of the motoneuron depends on the vibratory frequency and that the spike interval becomes shorter discontinuously, viz., only with the cyclic time of the vibration applied. Data analogous to such situations were already observed in the cat experiments, where the motoneuronal firing threshold was observed intracellularly during forced muscle vibration . Intracellular recording made it clear that EPSPs with frequencies precisely corresponding to those of vibrations were generated and that motoneurons fired only when the critical firing level was attained (ECCLES, 1957) . The attainment of the critical firing level was consistently observed at the frequency precisely corresponding to the applied vibration when the vibratory frequency was generally low, viz., approximately between 5-10 Hz. Beyond such a frequency range, the attainment of a firing level was increasingly eliminated by one or more vibratory cycles. This observation conforms to the present observation that "the principle of integer multiplication of vibratory cyclic time" could be generally applied in the nonsequential histograms of muscular and motoneuronal excitation.
There have been several investigations, and it is assumed that voluntary movement depends not only on the activation of the alpha motor system that innervates extrafusal muscles but also on that of the gamma motor system, which innervates intrafusal muscles. In other words, voluntary movement depends on coactivation of the alpha and gamma motor systems simultaneously (ELDRED et al., 1953; EULER, 1966; VALLBO, 1967, 1969) . All cats used in the present EMG experiments were decerebrated. Thus all animals used were kept at a level of central nervous system activity where voluntary impulses were generally absent, although the participating peripheral servoloop including the lower part of the gamma system remained intact. Vibratory stimulation of such a preparation caused vibratory facilitation, which was very much like that elicited in the increased excitatory state of gamma motor neurons. At present, this is understood as a possible simulation of a part of voluntary movement. However, in that case, the gamma motor neurons seemed to be activated by some afferent inflow other than the one originating from the muscle because afferents from the muscle did not contribute reflexly to any influence to the gamma motor neuron (ECCLES et al., 1960) .
A very important conclusion from the present data is that vibratory facilitation does elicit an affect which is somewhat analogous to an elevated level of gamma activity. The next important conclusion of the present experiment is the principle of the firing interval within an integer multiplication of the vibratory cyclic time. It is essential to consider the situation of the shift of firing intervals when one considers application of TVR to fundamental and clinical research.
Vibratory facilitation was observed during both repeated and interrupted vibratory stimulation when they were continued for a sufficient period. Vibratory facilitation may be discussed in connection with the phenomenon of postvibratory facilitation. Forced vibration of the muscle and eventual Ia afferent has long been known to initiate posttetanic potentiation within the stretch reflex system (LLOYD, 1949; GRANIT, 1956; HOMMA and KANO, 1963) , which might very probably be the case throughout the present experiment. Such an effect of the PTP has also been known to be sustained over minutes, which approximately conforms to the present observation of postvibratory facilitation.
